. When embryos are exposed to the hyperosmotic medium containing cryoprotectants, they are first shrink due to rapid loss of intracellular free water in response to the osmotic pressure of the extracellular cryoprotective substances. Subsequently, the embryos gradually regain their initial volumes during the equilibration period, indicating permeation of the cryoprotectant into the embryos.
The recovery of equine embryos at the morula or early blastocyst stage is difficult even though non-surgical recovery attempts are designated on Day-6 after ovulation. However, it would be still important for commercial use of frozen embryos to improve the freezing protocol per se in the equine embryo transfer programs. The objective of the present study was to examine the relationship between volume changes of equine blastocysts during glycerol equilibration and post-thaw viability. The post-thaw morphology of embryonic coats (zona pellucida and capsule) and the post-thaw developmental ability of embryos in vitro were chosen as parameters.
Materials and Methods

Embryos
Thirteen Hokkaido-native pony (3 years old) and 6 Thoroughbred mares (3 to 8 years old) were used as embryo donors. All mares were group housed and fed daily 1% of body weight of grain with free access to mixed-grass hay, water and tracemineralised salt. During estrus, mares were examined in 12-or 24-h intervals by palpation of ovaries per rectum and transrectal ultrasonography (5 MHz linear array, Aloka Co., Tokyo, Japan). As soon as a follicle with a minimum diameter of 35 mm was detected, mares were inseminated with 500 X 106 progressively motile spermatozoa or mated to a stallion every other day until ovulation was detected (Day-0). Embryo recovery was performed 144-180 h (6.0-7.5 days) after detection of ovulation. A total of 27 blastocysts was recovered by transcervical uterine flushing with Dulbecco's modified Eagle medium (DMEM; Nissui Pharmaceuticals Co., Tokyo, Japan). 
Evaluation of post-thaw embryos
The morphology of post-thaw embryonic coats (zona pellucida and capsule) and the developmental ability of post-thaw embryos in vitro were chosen as parameters for evaluating the viability. The morphology of embryonic coats after thawing were classified subjectively into 3 groups; (-) no damage,( + ) slight fracture, (+ + +) severe fracture. Representative photographs of embryos are shown in Fig. 1 . In vitro culture of post-thaw embryos was carried out according to Hochi et al. [9] . The embryos were cultured up to 48 h in TCM199 + 10% FBS at 37 C under 5% CO2 in air. Embryos, which increased their diameters within the variables of non-frozen embryos [9, 10], were evaluated as normal. The overall viability of post-thaw embryos was determined using these two criteria; the in vitro-developed embryos with intact coats (rank-A) or with slightly fractured coats (rank-B) were evaluated as viable embryos.
Statistical analysis
Mean relative volumes of embryos in different developmental stages at the end of glycerol equilibration were subjected to one-way analysis of variance, and compared for statistical significance by Duncan's multiple range test (P<0.05). The postthaw parameters of grouped embryos (incidence of coat fracture, developmental ability in vitro)
were compared by Chi-square test (P<0.05).
Results
The developmental stage of equine blastocysts was clearly related to the recovery time ( The relative embryonic volumes during 2-step glycerol equilibration are shown in Fig. 2 . During the first step of equilibration (5% glycerol), smaller unexpanded blastocysts shrunk rapidly and reached a mean minimum relative volume (42% of initial volume) after 0.8 min exposure.
Embryos regained up to 70% of their initial volume by 10 min. Embryos exposed to 10% glycerol solution shrunk again to 46% of initial volumes after 1.3 min and regained their volume up to 59% by the end of the equilibration period.
Middle-sized expanding blastocysts responded rather slowly to the osmotic pressure by 5% glycerol, reaching a minimum relative volume (41 % of initial volume) after 3.6 min exposure and regaining their volume up to 51% of their initial volume by 10 min. In 10% glycerol, the embryos shrunk to 34% after 1.8 min and regained their volume up to 41% by the end of the equilibration period. The tendency of a slower response to glycerol was clearer in hatched blastocysts. Particularly the largest embryos (No. 24, 25, 26 and 27; initial diameter 498, 622, 668 and 794 awn respectively) continued to reduce their volume during the total 20 min equilibration period. The overall viability of frozen-thawed embryos were judged from the two parameters employed, as summarized in Table 3 . Severe fractures of the embryonic coats were observed less frequently in unexpanded blastocysts than hatched blastocysts (P<0.05). Correspondingly, the developmental ability of the post-thaw embryos was higher in unexpanded than hatched blastocysts (P<0.05). Overall, all unexpanded blastocysts (n=9) were evaluated as viable (survival rate 100%), which was significantly higher than in expanding blastocysts (44%) and hatched blastocysts (22%), respectively.
Discussion
Embryos
in the stage of morula to early blastocysts would provide an optimal source for freezing embryos in equine species. Takeda et al.
[3] obtained 2 living foals following surgical transfer In conclusion, the rate of permeation of glycerol Table 3 . Viability of equine blastocysts after freezing and thawing into the equine embryos (determined by relative embryonic volumes) was related to the frequency of post-thaw damage of the embryonic coats and post-thaw development in vitro. However, the predictability of freezability in a particular embryo was poor.
